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Description

�[0001] This invention relates to heat exchangers, and
in particular to heat exchangers made up of stacked plate
pairs defining flow passages therebetween.
�[0002] As weli known in the art, vehicle fuel systems,
for example those used in diesel passenger vehicles, of-
ten require a fuel to air cooler to cool excess fuel that is
returned to the fuel tank from the fuel system. Due to
limited space and high ambient temperatures, it is gen-
erally not practical to locate a fuel cooler in the engine
compartment of a vehicle. Instead, it is often possible to
locate the fuel cooler in an external location under the
body of the vehicle. For example in a passenger vehicle,
the fuel cooler may be located under the floor pan.
�[0003] Generally, there is very limited space to put an
underbody mounted cooler in. For example, in a passen-
ger vehicle, the entire available space for an under- �the-
floor-�pan cooler may be a height of about 35 mm, a length
of 1-2 meters and a width of about 120mm. Thus, it is
important for an underbody cooler to be compact and
have high heat exchange efficiency. Additionally, as an
underbody cooler is exposed to debris and other objects,
it must be very durable.
�[0004] Current under-�body fuel coolers generally fall
into two categories, namely serpentine tube on plate
coolers and extrusion type coolers. Serpentine tube on
plate coolers consist of a serpentine tube bonded
(brazed) to an aluminum plate. The plate may have
lanced louvers, which serve to interrupt the air flow
boundary layer. Extrusion type coolers include an alumi-
num finned-�portion that is co-�extruded with an adjacent
flow channel portion. After extrusion, the flow channel
portion is closed off at opposite ends and inlet and outlet
fittings provided. Underbody mounted fuel coolers typi-
cally have low fuel mass flow velocities and speed de-
pendent air mass flows, and are - in terms of heat transfer
- typically "airside limited". Extrusion- �type coolers typi-
cally suffer from limited air flow mixing (i.e. disrupting the
airside heat transfer boundary layer). Serpentine tube on
plate coolers typically suffer from limited air flow mixing
and a relatively low airside heat transfer area.
�[0005] In addition to extrusion- �type and serpentine
tube on plate coolers, an alternative form of heat ex-
changer is the stacked plate- �pair heat exchanger as is
shown, for example, in U.S. patent No. 5,692,559 issued
December 2, 1997, and assigned to the assignee of the
present invention. Stacked plate pair heat exchangers
are typically cost efficient to manufacture and have been
widely adopted for applications such as oil coolers. How-
ever, existing stacked-�plate pair heat exchangers have
generally not been configured for use as under- �body heat
exchangers. EP 0 384 316 shows a stacked plate heat
exchanger according to the preamble of claim 1.
�[0006] If is therefore desirable to provide a stacked
plate pair heat exchanger that is configured for use as
an underbody cooler and which provides improved air-
flow mixing and heat transfer area.

SUMMARY OF THE INVENTION

�[0007] According to one aspect of the invention there
is provided a stacked plate heat exchanger including a
plurality of stacked plate pairs, each plate pair including
first and second plates having elongate central portions
surrounded by sealably joined edge portions with an
elongate fluid passage defined between the central por-
tions. Each plate pair has spaced apart inlet and outlet
openings in flow communication with the fluid passage,
at least some of the plate pairs having a substantially
planar fin plate extending peripherally outward from the
joined edge portions, the fin plates of the stacked plate
pairs being spaced apart and substantially parallel to
each other.
�[0008] According to another aspect of the invention,
there is provided a stacked plate heat exchanger com-
prising a stack of aligned plate pairs, each plate pair in-
cluding two plates having elongated central portions de-
fining an elongate fluid passage having spaced apart inlet
and outlet openings, each plate pair including an elon-
gate fin plate extending peripherally from the fluid pas-
sage. The fin plate has elongate, parallel spaced apart
first and second edges, the fluid passage longitudinally
located between the spaced apart first and second edges
and extending at an angle relative to the first and second
edges.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0009] Example embodiments of the invention will now
be described, by way of example, with reference to the
accompanying drawings throughout which like reference
numerals are used to refer to similar elements and fea-
tures, in which: �

Figure 1 is a side elevation of a stacked plate heat
exchanger according to one embodiment of the in-
vention;

Figure 2 is a top plan view of the heat exchanger of
Figure 1;

Figure 3 is a diagrammatic view of a passenger ve-
hicle with the heat exchanger of Figure 1 mounted
thereto;

Figure 4 is a side elevation of a first plate of each
plate pair according to one embodiment of the inven-
tion and Figure 4a is a partial sectional view taken
along the lines IVa- �IVa of Figure 4;

Figure 5 is a side elevation of a second plate of each
plate pair;

Figure 6 is an enlarged sectional side view of a por-
tion of a plate pair showing the crossing of ribs on
mating plates, taken along the lines VI-�VI of Figure 2;
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Figure 7 is a sectional view of a plate pair taken along
the lines VII-�VII of Figure 6 and Figure 7A is an en-
larged portion of a circled part of Figure 7;

Figure 8 shows a simplified top plan view of two ad-
jacent plate pairs;

Figures 9 and 10 shows simplified side views of each
of the plates of Figure 8 demonstrating two alterna-
tive embodiments of the invention;

Figure 11 is a further diagrammatic view of the heat
exchanger located under the body of a vehicle.

Figure 12 is a simplified side view of a plate pair in
accordance with a further embodiment of the inven-
tion.

Figure 13 is a side view of a further plate pair con-
figuration in accordance with another embodiment
of the invention.

Figure 14 shows two of the plate pairs of Figure 13
joined together;

Figure 15 is a sectional view taken along the lines
XV-�XV of Figure 13;

Figure 16 is a sectional view taken along the lines
XVI-�XVI of Figure 13;

Figure 17 is a sectional view of a further possible
plate pair configuration;

Figure 18 is a side view of still a further plate pair
configuration in accordance with embodiments of the
present invention;

Figure 19 is a sectional view taken along the lines
XIX-�XIX of Figure 18;

Figure 20 is a sectional view taken along lines XX-
XX of Figure 20;

Figure 21 is a perspective view of a further plate pair
configuration according to embodiments of the in-
vention;

Figure 22 is a partial side view of the plate pair of
Figure 21;

Figure 23 is an enlarged partial perspective view of
the plate pair of Figure 21;

Figure 24 is a top plan view of a heat exchanger
according to yet another embodiment of the inven-
tion; and

Figure 25 is a side view of a plate pair of the heat
exchanger of Figure 24.

DESCRIPTION OF THE EXAMPLE EMBODIMENTS

�[0010] Referring firstly to Figures 1 and 2, an example
embodiment of a heat exchanger according to the
present invention is indicated generally by reference nu-
meral 10. Heat exchanger 10 is formed from a plurality
of stacked plate pairs 12, that are sandwiched between
first and second end support plates 14, 16. The first and
second end support plates 14, 16 each have front and
back horizontal mounting flanges 18, 20, each of which
has one or more mounting holes 22 formed there through
for mounting heat exchanger 10 in a desired location.
First and second end support plates are not essential to
heat exchanger 10 and may be eliminated, altered or
replaced with other suitable arrangements for mounting
the heat exchanger 10.
�[0011] In an automotive application, the heat exchang-
er 10 will typically be used as an underbody cooler. In
one application, the heat exchanger may be used to cool
excess fuel that is returning from the fuel system to the
fuel tank, however, it could also be used in other appli-
cations to cool other types of fluids. Figure 3 shows a
diagrammatic view of heat exchanger 10 mounted under
the floor pan of an automobile 24. When the heat ex-
changer 10 is mounted in place, inlet fitting 26 and outlet
fitting 28 (see Figures 1 and 2) are connected to a fuel
return line (not shown) in the fuel system such that the
returning fuel passes through the heat exchanger 10.
�[0012] Referring now to Figures 1, 2 and 4 to 7 the
construction of plate pairs 12 will now be described in
greater detail. Figures 4 and 5 show, respectively, exam-
ple embodiments of the first and second plates that make
up each plate pair 12. The first plate 30 includes an elon-
gate central planar portion 34 that is surrounded by a
planar edge portion 36, which in turn is surrounded by a
peripherally extending, substantially planar fin plate por-
tion 38. A series of ribs 40 are formed along central planar
portion 34. In the presently described embodiment, the
ribs 40 closer the front end 37 of the first plate 30 are
parallel and obliquely orientated in a first direction, and
the ribs 40 closer the back end 39 of the plate 30 are
parallel and obliquely orientated in a second, opposite
direction, with a central triangular boss 42 being formed
between the two sets of oppositely orientated ribs 40.
�[0013] The second plate 32 has a configuration similar
to that of first plate 30 in that it includes an elongate cen-
tral planar portion 44 that is surrounded by a peripheral
planar edge portion 46, with series of ribs 48 formed along
central planar portion 44, however, in the presently de-
scribed embodiment, the second plate 32 does not in-
clude a fin plate portion. As with first plate 30, the ribs 48
closer the front end 50 of the second plate 32 are parallel
and obliquely orientated in one direction and the ribs 48
closer the back end 52 of the plate 32 are parallel and
obliquely orientated in an opposite direction, with a cen-
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tral triangular boss 50 being formed between the two sets
of oppositely orientated ribs 48.
�[0014] In Figure 4, the first plate 30 is viewed showing
its outer surface, so that ribs 40 and triangular boss 42
are coming out of the page. In Figure 5, the second plate
32 is viewed showing its inside surface, so that the ribs
48 and boss 50 are actually going into the page. First
and second plates 30 and 32 are placed together and
sealably connected about edge portions 36, 46 to form
a plate pair 12 (As best seen in Figures 6 and 7), in which
a fluid passage 62 is defined between planar central por-
tions 34, 44 of the plates 30, 32. More particularly, and
as will be described in greater detail below, in the pres-
ently described embodiment overlapping ribs 40, 48 pro-
vides fluid passage 62 that extends from an inlet end to
an outlet end of the plate pair 12.
�[0015] In an example embodiment the plates 30,32 are
stamped from braze-�clad aluminum or aluminum alloy,
however other suitable metallic and non-�metallic mate-
rials formed using various methods such as stamping,
roll-�forming, etc. could be used as desired for specific
heat exchanger applications.
�[0016] In one example embodiment, the second plate
32 is nested within a pocket formed in first plate 30, which
provides a novel self-�locating and self-�aligning function
during assembly of each plate pair 12. As best seen in
Figures 7 and 7A, the planar edge portions 36 and 46
each include facing planar surfaces 66,68 that abut. The
planar edge portion 36 of the first plate 30 is slightly larger
than the edge portion 46 of the second plate, and termi-
nates in a peripheral locating wall 64 that extends laterally
from the planar edge portion 36. The planar fin 38 extends
outward from the locating wall 64 in a plane that is parallel
to the plane of edge portion 36, such that the locating
wall 64 provides a step between the edge portion 36 and
the planar fin 38. The locating wall 64 and edge portion
36 thus define a pocket, indicated generally by reference
numeral 65 in Figure 7A, within which the edge 46 of the
second plate 32 is nested. As noted above, preferably,
the first plate edge portion 36 is slightly larger than the
second plate edge portion 46, with the result that locating
wall 64 will be spaced slightly apart from second plate
edge 46, allowing brazing material to provide a secure
joint in the space 70. Additionally, space 70 permits the
second plate 32 to be compressed somewhat against
first plate 30 during assembly of the heat exchanger plate
pair stack such that the plate 32 acts as a leaf spring with
the result that improved sealing reliability is possible dur-
ing brazing of the plate pair stack. As a result of the nest-
ing plate pair structure, the force of compression on the
plate pairs by the assembly fixture is transmitted equally
through the entire plate stack, providing a self- �fixturing
mechanism that holds the plates in place during brazing.
Pocket 65 facilitates relative positioning of the plates
30,32 during heat exchanger assembly and maintains
the relative positions of the first and second plates during
heat exchanger assembly and brazing, providing the self-
locating and self-�aligning features noted above.

�[0017] Referring again to Figures 4 and 5, first and
second plates 30, 32 are also formed with end bosses
54, 56 which define respective inlet openings 58 and out-
let openings 60. When plate pairs 12 are stacked, all of
the inlet openings 58 are in registration and communicate
with inlet fitting 26, and all of the outlet openings 60 are
in registration and communicate with outlet fitting 28. In
this way, all of the end bosses 54 form an inlet manifold
and all of the end bosses 56 form an outlet manifold so
that fluid flows in parallel through all of the plate pairs 12.
However, it will be appreciated that some of the inlet
openings 58 and some of the outlet openings 60 could
be selectively closed or omitted, as will be appreciated
by those skilled in the art, so that fluid could be made to
flow in series through each of the plate pairs 12, or in
some series/�parallel multi-�pass combination. In a multi-
pass configuration, inlet and outlet fittings may be con-
nected to the same manifold.
�[0018] As shown in Figure 5, the opposite ends 50, 52
of the second plate 32 may conveniently be shaped dif-
ferently (end 50 having square corners and end 52 having
rounded corners). The ends of the pocket of first plate
30 in which the second plate is received have corre-
sponding shapes, such that the edge of the second plate
can only be received within the pocket when properly
orientated, in order to prevent incorrect assembly of the
plate pairs.
�[0019] Figure 6 shows a portion of a plate pair 12, with
the second plate 32 being located behind the first plate
30 and thus hidden from view. The ribs 48 of the second
plate 32 are shown in phantom with dashed lines. The
second plate ribs 48 cooperate with the first plate ribs 40
to define fluid passage 62 having a zigzag pattern, indi-
cated by phantom arrows 72, along the length of the plate
pair 12. With reference to Figure 1, the fluid passage 62
of a plate pair 12 is generally indicated, along with the
zigzag path 72 that defines the fluid path. The use of
cooperating ribs formed on the plates of a plate pair to
provide fuel mixing along a fluid passage is well known,
as is apparent from previously mentioned U.S. Patent
no. 5,692,559, and a number of different criss-�cross rib
configurations are possible other that shown in Figures
4 to 6 of the present application. By way of example, each
rib could communicate with three ribs on the opposing
plate instead of just two as illustrated. Further, in some
embodiments, the orientation of the ribs may not change
at the plate pair mid point, but rather all ribs the entire
length of the plate may be parallel. Thus, the exact criss-
cross rib pattern used in the plate pairs of the heat ex-
changer 10 need not be as illustrated, and suitable alter-
native arrangements could be used.
�[0020] When the plate pairs 12 are arranged in parallel
in a stack, the ribs from adjacent plate pairs are brazed
in contact with each other, providing strength and rigidity
to the stack of plate pairs 12. Abutting ribs 40, 48 between
adjacent plate pairs 12 are shown on the first two plate
pairs 12 at the top of Figure 2. Although not shown in
detail in Figure 2, it will be appreciated that the abutting
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ribs between adjacent plate pairs continues throughout
the entire stack of plate pairs. Air ducts or passages 74
are formed between the abutting ribs 40, 48 of adjacent
plate pairs such that air can flow between adjacent plate
pairs thus facilitating heat exchange between the air and
with the fluid flowing in the fluid passages 62 defined
within each plate pair 12. If identical plate pairs 12 are
used throughout the plate pair stack, then the contacts
between abutting ribs of adjacent plate pairs will be non-
continuous,� and, in the illustrated example each rib will
contact two ribs on an adjacent plate. Alternatively, in a
further example embodiment of the invention, the pattern
on adjacent plate pairs is reversed such that each rib
contacts the rib of an adjacent plate along the entire
length of the rib. In one example embodiment, this alter-
native embodiment is achieved by rotating alternative
plate pairs end for end one hundred and eighty degrees.
�[0021] By way of further explanation, reference is
made to Figures 8 to 10. Figure 8 shows a simplified top
plan view of two adjacent plate pairs 12A and 12B, formed
from plates 32A, 30A and 32B, 30B, respectively. Al-
though not shown in Figure 8, contacting ribs 48, 40 and
air passages 74 are located between plate pairs 12A and
12B. Figure 9 shows simplified side views of each of the
plates taken from a viewing direction indicated by arrow
76 showing the orientation of ribs 40 and 48 in an em-
bodiment of the invention in which each of the plate pairs
are identically orientated. Figure 10 is similar to Figure
9, except that it shows an embodiment in which the plates
in adjacent pairs are rotated 180 degrees such that rib
orientation is reversed between the adjacent plate pairs.
In the embodiment of Figure 9, the ribs 40 of plate 30A
(such ribs 40 extend outward from the page as illustrated)
abut against the ribs 48 of plate 32B (such ribs 48 extend
inward into the page as illustrated). The ribs abut in a
non-�continuous manner, defining a series of air passages
between the plate pairs 12A and 12B. In the embodiment
of Figure 10, the ribs 40 of plate 30A also abut against
the ribs 48 of plate 32B. However, unlike in Figure 9, the
abutting ribs of the adjacent plate pairs are similarly ori-
entated such that each rib 40 abuts continuously along
its length with a corresponding rib 48. The embodiment
of Figure 10 provides larger direct air-�flow passages be-
tween the plate pairs than the embodiment of Figure 9.
�[0022] The peripherally extending fin plate portion 38
of each plate pair 12 provides an increased heat ex-
change surface area over previous plate pair heat ex-
changers not having such a fin 38. The fin 38 extends
"air-�side" from the opposed central plate portions 34, 44
of the plates between which the fluid passage 62 is de-
fined. With reference to Figure 1, in an example embod-
iment when the heat exchanger is moving in a direction
indicated by arrow 80, air flows into and through the par-
allel fins 38 and through the air passages 74 between
the ribbed plate portions, as indicated by air flow arrows
78, drawing heat away from the fluid passing through
fluid passages 62. In the presently described embodi-
ment, the heat exchanger plate pairs 12 are configured

such the ribbed portions there of are angled relative to
the direction of travel. In particular, as can be appreciated
from Figure 1, the plate pairs 12 are arranged such that
the fluid passages 62 have a leading end that is lower
than a trailing end thereof. As can be seen in Figure 4,
in an example embodiment, the rectangular fin plate por-
tion 38 is sized to take advantage of the angled config-
uration, the fin plate portion 38 extending a greater height
H1 from a forward end of the ribbed central portion 34 of
the first plate 30 and a lesser height H2 from a rearward
end of central portion 34. In other words, as can be ap-
preciated from Figure 4, the fin plate portion 38 has lon-
gitudinal upper and lower peripheral edges 134, 136 that
extend length-�wise between ends 37, 39. The portion of
the plate pair (in particular the elongate central portions
34,44) that define the fluid passage 62 extends the ma-
jority of the distance between ends 37,39, but at an angle
relative to the edges of the fin plate, rather than parallel
to the fin plate edges.
�[0023] With reference again to Figure 4, protrusions or
dimples 84 and 86 may conveniently be formed in the fin
plate portion 38 of the first plate 30 for the purpose of
strengthening the extending fin portions and also to dis-
rupt the boundary layer of air passing between the fins.
In the illustrated embodiment, a first pair of dimples 84,
86 are provided near the lower back end 39 of the plate
30. As can be seen in Figure 4A, the dimples 84 and 86
extend in opposite directions. A second pair of dimples
84, 86 are provided near the upper front end 37 of the
plate 30. The dimples 84, 86 at the front end 37 extend
in directions that are opposite of their counterparts at
back end 39 such that when the plate 30 is rotated by
180 degrees in alternating plate pairs 12, the dimples 84,
86 of one plate pair 12 will abut against and be brazed
to the dimples 84, 86, respectively, of an adjacent plate
pair, as can be seen in Figure 2.
�[0024] With reference to Figure 11, the angled orien-
tation of the plate pairs will be discussed in greater detail.
Figure 11 shows a diagrammatic view of heat exchanger
10 located under the body of vehicle 24. The height H
represents the distance from ground 82 to the underside
of vehicle 24, and the height a is a specified clearance
between the underbody and the heat exchanger 10. The
height H-�b is the clearance required between ground and
any part of the vehicle, with b-�a being the available height
for heat exchanger 10. As indicated in Figure 11, the air
velocity profile is approximately linear in the y direction
from the underbody to the ground. For optimum air-�side
heat transfer, it is desired to place the cooler in the fastest
flowing air. The inclination angle α refers to the angle
between the general direction of fluid passages 62 rela-
tive to the horizontal. For maximum air flow through the
cooler, α=90 degrees, however such angle is not possi-
ble for any heat exchanger in which the length L>b-�a.
The inclination angle α can be greater or less than 0, with
a positive angle occurring when the leading edge of the
flow passages of the heat exchanger is higher than the
trailing edge, and a negative angle occurring when the
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trailing edge of the flow passages of the heat exchanger
is higher than the leading edge (as is shown in Figure
11). A negative α can create a high pressure air zone
between the heat exchanger and the car underbody due
to the narrowing passage there between, forcing air
through the trailing half of the heat exchanger as indicat-
ed by arrow 78 in Figure 11. In some applications, the
heat exchanger could be orientated leading edge up with
a positive α. The angle α is preferably selected to max-
imize air flow through the heat exchanger dependent on
the dimensional restraints that are placed on the heat
exchanger by its intended use. The use of plate pairs
having fin plates that are angled relative to the fluid pas-
sages therethrough allows the size of the fin plates to be
relatively large relative to the space permitted for the heat
exchanger package.
�[0025] Figure 12 shows a further plate pair 92 for use
in an alternative embodiment of heat exchanger 10. The
plate pair 92 is substantially identical to plate pair 12,
except that ribs 40 in first plate 30 are all parallel along
the entire length of plate 30, without a change in orien-
tation at the mid- �point of the plate. Similarly, ribs 48
(shown in phantom) of second plate 32 are all parallel.
The angle A of ribs 40 relative to the horizontal is relatively
small so that the ribs 40 are close to being parallel with
the incoming air flow direction 78. Such configuration
may provide improved heat transfer in some applications.
The plate pair 92 may also include a trailing fin plate
portion 90 on which is formed a plurality of dimples 88.
In the view of Figure 12, some dimples 88 may extend
into the page, and some may protrude from the page.
The dimples 88 serve to further break up the air flow
boundary layer of air passing through the heat exchang-
er.
�[0026] Figures 13 to 16 illustrate a further plate pair 94
for use in yet another embodiment of heat exchanger 10.
The plate pair 94 is similar to plate pair 12, with the ex-
ception of differences that will be appreciated from the
following description. The plate pair 94 is conveniently
formed from two similar opposed plates 96A and 96B
that may be mirror images of each other. Each plate 96A
and 96B has peripheral edge portions 100, the edge por-
tions 100 of two plates joined together to form plate pair
94. Each plate 96A and 96B also has a central planar
portion 102, the central portions of the joined plates in
each plate pair 94 being spaced apart to define a fluid
passage 104 between the plates. The central planar por-
tions 102 are not ribbed as in plate pair 12, but rather an
elongate turbulizer 106 is located in the fluid passage
104 for augmenting fluid flow therethrough (in some ap-
plications, the channel 104 could be clear with no tur-
bulizer located therein). The peripheral edge portions 100
extend a relatively large distance from the central planar
portions 102, thus providing an integrally formed air-�side
fin surface portion for plate pair 94. As with plates of plate
pair 12, the plates 96 are formed with end bosses 54, 56
that define respective inlet and outlet openings 58, 60.
Figure 14 shows two plate pairs 94 arranged side-�by-

side as part of a plate pair stack of a heat exchanger,
with an air passage 108 defined between the plate pairs
94.
�[0027] in order to facilitate assembly of the plate pairs
94, locating protrusions or half dimples 110, 112 may be
provided along the perimeter edge of the plates 96A, 96B
to assist in lining up the plates in a plate pair. As shown
in Figure 13, at air-�flow downstream end 78, the half dim-
ple 112 projects outward from the page, and the half dim-
ple 110 projects into the page, and conversely at air-�flow
upstream end 116, the half dimple 112 projects into the
page, and the half dimple 110 projects out of the page.
Plates 96A, 96B are mated together as shown in Figure
15 with locating dimples aligned and nested as shown in
Figure 16.
�[0028] Figure 17 shows yet another possible plate pair
configuration for plate pair 94. In the embodiment of Fig-
ure 17, the upper fin plate portion 100 extends only from
one plate 96A of the plate pair, and the lower fin plate
portion 100 extends only from the other plate 96B of the
plate pair 94. In the embodiment of Figure 17, the edge
portions 128 and 130 of opposed plates 96A, 96B are
joined to form plate pair 128. In each plate 96A, �96B, the
fin plate portion 100 extends peripherally from the edge
portion 130, and in particular is joined to the edge portion
130 by a locating wall 132 that is perpendicular to the
edge portion 130 and fin plate portion 100. The locating
wall 132 and edge portion 130 of one plate 96A, 96B form
a notch for receiving the edge portion 128 of the other
plate of the plate pair 128, and vice versa.
�[0029] In some embodiments, ribs (not shown) that ex-
tend only partially into fluid passage 104 may be provided
on central portions 102 in order to augment fluid flow
through fluid passage 104.
�[0030] Figures 18, 19 and 20 show another possible
plate pair configuration, indicated generally by reference
130, for use in heat exchanger 10. The plate pair 130 is
substantially similar to plate pair 12, with one notable
difference being that dimples 132,134 (rather than ribs)
are formed in the spaced apart central planar portions
34, 44 of plates 30, 32 to augment flow through fluid pas-
sage 62. In the illustrated embodiment a central row of
dimples 132 extend inward into the fluid passage 62, with
the inner ends of opposing dimples 132 joining together.
Two parallel rows of outwardly (i.e. air-�side) extending
dimples 134 are provided along the fluid passage 62.
Preferably, the extending dimples 134 from one plate pair
130 will contact the extending dimples 134 from an ad-
jacent plate pair, thus providing rigidity to the core stack
as well as providing flow augmentation means for break-
ing the boundary layer of air flowing between the plate
pairs. As with plate pair 12, the plate pair 130 is configured
such that the fluid passage defined between central pla-
nar portions 34, 44 is angled relative to the rectangular
fin portion 38 of the plate pair.
�[0031] Figures 21 to 23 show another possible plate
pair configuration, indicated generally by 150, for use in
heat exchanger 10. The plate pair 150 is substantially
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similar in construction to plate pairs 12 and 130, but for
differences that will be apparent from the Figures and
the present description. In plate pair 150, delta shaped
winglets 152 are formed along leading upper and trailing
lower parts of the air side fin plate portion 38 of the plate
30 to provide enhanced air-�side heat transfer by inducing
swirl and boundary layer separation and recreation along
the length of the fin plate portion. In some embodiments,
winglets 152 are selectively located only near the leading
end of the heat exchanger; and in some embodiments
winglets 152 are selectively located only near the trailing
end of the heat exchanger, depending on the desired
heat exchanger performance. The presence of winglets
152 causes air swirl to be induced in the air flow down-
stream therefrom, resulting in downwash air flow impact-
ing on the fin plate portion that can improve local air side
heat transfer. In one example winglet configuration as
shown in Figure 22, a leading winglet 152 (relative to the
direction of air flow as indicated by arrow 154 in Figure
22) located on an upper portion of fin plate portion 38 is
followed by two spaced apart pairs of trailing winglets
152. In each winglet pair, the trailing winglet is closely
placed to the leading winglet and at a relative angle to
the leading winglet, such that the two winglets act in com-
plimentary fashion for inducing air-�side swirl. The delta
(triangular) shaped winglets 152 are, in the example em-
bodiment, lanced along two side edges from the fin plate
portion 38 and folded out from the plate. In an example
embodiment, as best seen in Figure 23, each winglet 152
has an aspect ratio of I/h=2; an angle of attack of α=45°
to oncoming air flow (in the X-�Y plane as shown in Figures
21-23); and is folded out from the fin plate portion 38 at
X°=90° (in the x-�z plane) to project a maximum surface
area into the oncoming air flow. Within each winglet pair,
the winglet spacing is equal to h. Other winglet configu-
rations and shapes are used in various embodiments.
�[0032] In the illustrated embodiment of Figures 21-23,
the central planar portions of the plates of heat exchanger
plate pair 150 have dimples 156, 158 formed therein.
Dimples 156 protrude outward from the plates, such that
the dimples 156 from back-�to- �back plates of adjacent
plate pairs contact each other on the air-�side passages
between adjacent plate pairs. The dimples 158 extend
inward into the internal flow channels 62 defined within
the plate pair, turbulizing fluid flow therein and providing
structural strength. In plate pair 150, the flow channel 62
is wider near the inlet and outlet openings 58, 60, and
narrower in the region between the openings, to increase
the relative velocity of fluid through the flow channel 62.
�[0033] Figure 24 shows a further heat exchanger 160
according to yet another example embodiment, and Fig-
ure 25 shows a plate pair of heat exchanger 160. Heat
exchanger 160 is substantially similar in construction to
heat exchanger 10, but for the differences that will be
apparent from the Figures and the present description.
In heat exchanger 160, external fin plates 166, which in
the illustrated embodiment are corrugated fin plates, are
located in the air passages 168 between back-�to- �back

plates 30, 32 of adjacent plate pairs 162. In plate pairs
162, the central planar portions 34, 44 of plates 30, 32,
respectively, are formed with spaced apart dimples 158
that extend inward into the fluid passage 62. The fin
plates 166 are secured between the central planar por-
tions 34, 44 of the plates 30, 32 of adjacent plate pairs
162 and the central planar portion 44. Dashed line 166
in Figure 25 illustrates the location of a fin plate 166 rel-
ative to the flow passage 62. In an example embodiment,
the fin plate 166 is sized to correspond in height and
length substantially to the size of central planar portions
34, 44 (and hence flow passage 62). Fin plate 166 can
provide air-�side heat exchanger surface area and struc-
tural rigidity to the heat exchanger 160. The extended fin
plate portion 38 provides protection for the fin plate 166
from debris. Fin plate 166 can be replaced with other
turbulizing structures, including, for example, an expand-
ed metal turbulizer plate.
�[0034] In heat exchanger 160, a flow circuiting insert
164 is provided to divide the manifold at the leading end
of the heat exchanger 160 into two halves,� with inlet and
outlet fittings 26, 28. both being located at a leading end
of the heat exchanger. Brackets 16 and 18 seal off the
openings 60 at the trailing end in the plates 30 and 32 at
the outer sides of the heat exchanger 160.
�[0035] It will be apparent to those skilled in the art that
in light of the foregoing disclosure, many alterations and
modifications are possible in the practice of this invention
without departing from the scope thereof. Accordingly,
the scope of the invention is to be construed in accord-
ance with the substance defined in the following claims.

Claims

1. A stacked plate heat exchanger with a plurality of
stacked plate pairs (12, 92, 94,130,150,160), each
plate pair including first (30,96A) and second
(32,96B) plates having elongate central portions
(34,44,102) surrounded by sealably joined edge por-
tions (36,46) with an elongate fluid passage (62,104)
defined between the central portions; each plate pair
having spaced apart inlet (58) and outlet (60) open-
ings in flow communication with the fluid passage,
characterized by at least some of the plate pairs
having a substantially planar fin plate (38,90) extend-
ing peripherally outward from the joined edge por-
tions, the fin plates of the stacked plate pairs being
spaced apart and substantially parallel to each other.

2. The stacked plate heat exchanger of claim 1 char-
acterized in that for each of the at least some plate
pairs, the planar fin plate has a first fin end (37) and
a second fin end (39) and first and second spaced
apart elongate edges (134,136) extending there be-
tween, the fluid passage (62) being located between
the spaced apart edges and having a first fluid pas-
sage end located closer to the first fin end (37) than
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the second fin end (39) and a second fluid passage
end located closer to the second fin end than the first
fin end, the fluid passage (62) being orientated at an
angle relative to the first elongate edge (134) of the
fin plate with one of said first and second fluid pas-
sage ends being located closer to the first elongate
edge than the other of said first and second fluid
passage ends, the fluid passages of the plate pairs
all being orientated in a common direction.

3. The heat exchanger of claim 2 characterized in that
the heat exchanger (10) is adapted to be mounted
under the body of a vehicle (24), the first fin edge of
the fin plate being an upper edge thereof.

4. The heat exchanger of any one of claims 1 to 3 char-
acterized in that external passages (74,108) are
defined between back-�to-�back central portions (102)
of the plates of adjacent plate pairs (94), and the fin
plates define external passages therebetween that
communicate with respective external passages be-
tween the central portions.

5. The heat exchanger of claim 4, characterized in
that a fluid turbulizing structure is located in the ex-
ternal passages between the central portions.

6. The heat exchanger of any one of claims 1 to 3 char-
acterized in that for the at least some plate pairs
having fin plates (38), the fin plate of each plate pair
is formed integrally with only one of the first (30) and
second (32) plates thereof.

7. The heat exchanger of any one of claims 1 to 3 char-
acterized in that for each of the at least some plate
pairs (94) having fin plates, the fin plate is formed
from a first fin plate portion (100) formed integrally
with the first plate (96A) and a second fin plate portion
(100) formed integrally with the second plate (96B),
the first and second fin plates being laminated to-
gether.

8. The heat exchanger of claim 7 characterized in that
cooperating locating protrusions (110,112) are pro-
vided on the first and second plates (96A, �96B) for
aligning the plates during assembly.

9. The heat exchanger of any one of claims 1 to 3 char-
acterized in that for the at least some plate pairs
having fin plates, the first plate (30) includes a later-
ally extending flange (64) around an outer edge of
the edge portion (36) thereof, the edge portion (46)
of the second plate (32) being nested within the lat-
erally extending flange, the fin plate (38) extending
outward from an edge of the laterally extending
flange.

10. The heat exchanger of any one of claims 1 to 3 char-

acterized in that spaced apart external protrusions
(84,86) are formed on the fin plates for augmenting
flow of an external fluid thereacross.

11. The heat exchanger of claim 10 characterized in
that the protrusions (84,86) are located only on a
downstream half of the fin plates or only on an up-
stream half of the fin plates.

12. The heat exchanger of claim 10 or 11 characterized
in that the protrusions are winglets (152) formed on
a length of the fin plates for inducing downwash air
flow onto the fin plates.

13. The heat exchanger of claim 12 characterized in
that the winglets (152) have a protruding substan-
tially triangular shape.

14. The heat exchanger of claim 13 characterized in
that at least some of the winglets (152) are arranged
in complimentary pairs.

15. The heat exchanger of any one of claims 1 to 3 char-
acterized in that the central portions (34,44) are
substantially planar and have a first plurality of ob-
liquely orientated, parallel ribs (40,48) formed ther-
eon, the ribs of the first and second plates in each
plate pair cooperating to form at least a portion of
the fluid passage (62).

16. The heat exchanger of claim 15 characterized in
that for each plate pair (92) having a fin plate, the
plate pair has elongate, parallel spaced apart first
and second edges (134,136), the fluid passage (62)
being located between the spaced apart first and
second edges and extending at an angle relative to
the first and second edges (134,136), and the ribs
(140) on at least one of the first and second plates
are orientated to be close to parallel to an air flow
direction (78) through the heat exchanger (10).

17. The heat exchanger of claim 1 characterized in that
each of the plate pairs has a fin plate extending pe-
ripherally from the fluid passage (62), each fin plate
having elongate, parallel spaced apart first and sec-
ond edges (134,136), the fluid passage (62) of the
plate pair being longitudinally located between the
spaced apart first and second edges (134,136) and
extending at an angle relative to the first and second
edges.

18. The heat exchanger of claim 17 characterized in
that for each plate pair, the edge portion of the first
plate (30) includes a laterally extending peripheral
locating wall (64) surrounding an outer circumfer-
ence of the edge portion (46) of the second plate.
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Patentansprüche

1. Plattenwärmetauscher mit einer Mehrzahl von sta-
pelförmig angeordneten Plattenpaaren (12, 92, 94,
130, 130, 150, 160), wobei jedes Plattenpaar erste
(30, 96A) und zweite (32, 96B) Platten umfasst, wel-
che längliche Mittelabschnitte (34, 44, 102) haben,
die von abdichtenden Verbindungsrandabschnitten
(36, 46) mit einem länglichen Fluiddurchgang (62,
104) umgeben sind, welcher zwischen den Mittelab-
schnitten gebildet wird; wobei jedes Plattenpaar eine
beabstandete Einlassöffnung (58) und eine beab-
standete Auslassöffnung (60) hat, welche in kom-
munizierender Fluidverbindung mit dem Fluiddurch-
gang sind, dadurch gekennzeichnet, dass wenig-
stens einige der Plattenpaare eine im wesentlichen
planare Rippenplatte (30,90) haben, welche in Um-
fangsrichtung von den Verbindungsrandabschnitten
nach außen verläuft, wobei die Rippenplatten der
Plattenwärmetauscherpaare zueinander beabstan-
det und im wesentlichen parallel zueinander ange-
ordnet sind.

2. Plattenwärmetauscher nach Anspruch 1, dadurch
gekennzeichnet, dass für jede der wenigstens ei-
nige Plattenpaare die planare Rippenplatte ein er-
stes Rippenende (37) und ein zweites Rippenende
(39) hat, sowie erste und zweite beabstandete läng-
liche Ränder (134, 136) hat, die zwischen denselben
verlaufen, der Fluiddurchgang (62) zwischen den
beabstandeten Rändern liegt und wenigstens ein er-
stes Fluiddurchgangsende hat, welches näher zu
dem ersten Rippenende (37) als zu dem zweiten Rip-
penende (39) liegt, und ein zweites Fluiddurch-
gangsende hat, welches zu dem zweiten Rippenen-
de näher als zu dem ersten Rippenende liegt, der
Fluiddurchgang (62) unter einem Winkel relativ zu
dem ersten länglichen Rand (134) der Rippenplatte
ausgerichtet ist, wobei eines der ersten und der zwei-
ten Fluiddurchgangsenden dem ersten länglichen
Rand näher als die jeweils anderen ersten und zwei-
ten Fluiddurchgangsenden liegen, und dass alle
Fluiddurchgänge der Plattenpaare in eine gemein-
same Richtung ausgerichtet sind.

3. Wärmetauscher nach Anspruch 2, dadurch ge-
kennzeichnet, dass der Wärmetauscher (10) der-
art beschaffen und ausgelegt ist, dass er unter der
Karosserie eines Fahrzeugs (24) angebracht wer-
den kann, wobei der erste Rippenrand der Rippen-
platte ein oberer Rand hiervon ist.

4. Wärmetauscher nach einem der Ansprüche 1 bis 3,
dadurch gekennzeichnet, dass die externen
Durchgänge (74, 108) zwischen Rücken an Rücken
aneinander liegenden Mittelabschnitten (102) der
Platten von benachbarten Plattenpaaren (94) gebil-
det werden, und dass die Rippenplatten externe

Durchgänge zwischen denselben bilden, welche in
kommunizierender Verbindung mit den zugeordne-
ten externen Durchgängen zwischen den Mittelab-
schnitten sind.

5. Wärmetauscher nach Anspruch 4, dadurch ge-
kennzeichnet, dass eine Fluidturbulenzerzeu-
gungseinrichtung in den externen Durchgängen zwi-
schen den Mittelabschnitten angeordnet ist.

6. Wärmetauscher nach einem der Ansprüche 1 bis 3,
dadurch gekennzeichnet, dass bei den wenig-
stens einigen Plattenpaaren, welche die Rippenplat-
ten (38) haben, die Rippenplatte jedes Plattenpaars
integral mit nur einer der ersten (30) und der zweiten
(32) Platte ausgebildet ist.

7. Wärmetauscher nach einem der Ansprüche 1 bis 3,
dadurch gekennzeichnet, dass bei jedem der we-
nigstens einigen Plattenpaaren (94), welche Rippen-
platten haben, die Rippenplatte von einem ersten
Rippenplattenabschnitt (100) gebildet wird, welcher
integral mit der ersten Platte (96A) ausgebildet ist,
und einem zweiten Rippenplattenabschnitt (100) ge-
bildet wird, welcher integral mit der zweiten Platte
(96B) ausgebildet ist, wobei die ersten und die zwei-
ten Rippenplatten zusammen ein Laminat bilden.

8. Wärmetauscher nach Anspruch 7, dadurch ge-
kennzeichnet, dass zusammenarbeitende Positio-
niervorsprünge (110, 112) an der ersten und der
zweiten Platte (96A, 98B) zur Ausrichtung der Plat-
ten während der Montage vorgesehen sind.

9. Wärmetauscher nach einem der Ansprüche 1 bis 3,
dadurch gekennzeichnet, dass für die wenigstens
einigen Plattenpaare, welche Rippenplatten haben,
die erste Platte (30) einen seitlich verlaufenden
Flansch (64) um einen äußeren Rand des Randab-
schnitts (36) umfasst, dass der Randabschnitt (46)
der zweiten Platte (32) in dem in Querrichtung ver-
laufenden Flansch eingebunden ist, und dass die
Rippenplatte (38) von einem Rand des in Querrich-
tung verlaufenden Flansches nach außen verläuft.

10. Wärmetauscher nach einem der Ansprüche 1 bis 3,
dadurch gekennzeichnet, dass die beabstande-
ten, externen Vorsprünge (84, 86) auf den Rippen-
platten zur Vergrößerung des externen Fluidstroms
ausgebildet sind.

11. Wärmetauscher nach Anspruch 10, dadurch ge-
kennzeichnet, dass die Vorsprünge (84, 86) nur
auf einer stromabwärtigen Hälfte der Rippenplatten
oder nur auf einer stromaufwärtigen Hälfte der Rip-
penplatten angeordnet sind.

12. Wärmetauscher nach Anspruch 10 oder 11, da-
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durch gekennzeichnet, dass die Vorsprünge Flü-
gelabschnitte (152) sind, welche auf einem Längs-
stück der Rippenplatten ausgebildet sind, um eine
nach unten gerichteten Luftstrom auf die Rippenplat-
ten zu induzieren.

13. Wärmetauscher nach Anspruch 12, dadurch ge-
kennzeichnet, dass die Flügelabschnitte (152) eine
vorspringende, im wesentlichen dreieckförmige Ge-
stalt haben.

14. Wärmetauscher nach Anspruch 13, dadurch ge-
kennzeichnet, dass wenigstens einige der Flügel-
abschnitte (152) in komplementären Paaren ange-
ordnet sind.

15. Wärmetauscher nach einem der Ansprüche 1 bis 3,
dadurch gekennzeichnet, dass die Mittelabschnit-
te (34, 44) im wesentlichen planar sind und eine erste
Mehrzahl von schräg ausgerichteten, parallelen Rip-
pen (40, 48) hat, die in diesen ausgebildet sind, wo-
bei die Rippen der ersten und der zweiten Platten
jedes Plattenpaars zusammen arbeiten, um wenig-
stens einen Abschnitt eines Fluiddurchganges (62)
zu bilden.

16. Wärmetauscher nach Anspruch 15, dadurch ge-
kennzeichnet, dass bei jedem Plattenpaar (92),
welches eine Rippenplatte hat, das Plattenpaar
längliche, parallele und beabstandete erste und
zweite Ränder (134, 136) besitzt, der Fluiddurch-
gang (62) zwischen den beabstandeten ersten und
zweiten Rändern liegt und unter einem Winkel relativ
zu den ersten und zweiten Rändern (134, 136) ver-
läuft, und dass die Rippen (140) auf wenigstens einer
der ersten und der zweiten Platten derart ausgerich-
tet sind, dass sie nahezu parallel zu einer Luftstrom-
richtung (78) durch den Wärmetauscher (10) sind.

17. Wärmetauscher nach Anspruch 1, dadurch ge-
kennzeichnet, dass jedes der Plattenpaare eine
Rippenplatte hat, welche von dem Fluiddurchgang
(62) in Umfangsrichtung verläuft, jede Rippenplatte
längliche, parallele und beabstandete erste und
zweite Ränder (134, 136) hat, der Fluiddurchgang
(62) des Plattenpaars im wesentlichen in Längsrich-
tung zwischen den beabstandeten ersten und zwei-
ten Rändern (134, 136) und unter einem Winkel re-
lativ zu den ersten und den zweiten Rändern verläuft.

18. Wärmetauscher nach Anspruch 17, dadurch ge-
kennzeichnet, dass bei jedem Plattenpaar der
Randabschnitt der ersten Platte (30) eine in Quer-
richtung verlaufende Umfangspositionierwand (64)
umfasst, welche einen äußeren Umfang des Rand-
abschnitts (46) der zweiten Platte umgibt.

Revendications

1. Echangeur de chaleur à plaques empilées avec une
pluralité de paires de plaques empilées (12, 92, 94,
130, 150, 160), chaque paire de plaques incluant
des premières (30, 96A) et deuxièmes (32, 96B) pla-
ques ayant des portions centrales oblongues (34,
44, 102) entourées par des portions de bord reliées
d’une manière étanche (36, 46) avec un passage de
fluide oblong (62, 104) défini entre les portions
centrales ; chaque paire de plaques ayant des
ouvertures d’entrée (58) et de sortie (60) espacées
en communication fluidique avec le passage de flui-
de, caractérisé en ce qu’ au moins certaines des
paires de plaques possèdent une plaque-�ailette sen-
siblement plane (38, 90) s’étendant périphérique-
ment vers l’extérieur depuis les portions de bord join-
tes, les plaques- �ailettes des paires de plaques em-
pilées étant espacées et sensiblement parallèles les
unes aux autres.

2. Echangeur de chaleur à plaques empilées selon la
revendication 1, caractérisé en ce que  pour cha-
cune d’au moins quelques paires de plaques, la pla-
que-�ailette plane présente une première extrémité
d’ailette (37) et une seconde extrémité d’ailette (39)
et des premier et second bords oblongs espacés
(134, 136) s’étendant entre elles, le passage de flui-
de (62) se trouvant entre les bords espacés et ayant
une première extrémité de passage de fluide située
plus près de la première extrémité d’ailette (37) que
la seconde extrémité d’ailette (39) et une seconde
extrémité de passage de fluide située plus près de
la seconde extrémité d’ailette que la première extré-
mité d’ailette, le passage de fluide (62) étant orienté
selon un angle relativement au premier bord oblong
(134) de la plaque-�ailette, une desdites première et
seconde extrémités de passage de fluide étant plus
proche du premier bord oblong que l’autre desdites
première et seconde extrémités de passage de flui-
de, les passages de fluide des paires de plaques
étant tous orientés dans une direction commune.

3. Echangeur de chaleur selon la revendication 2, ca-
ractérisé en ce que  l’échangeur de chaleur (10) est
apte à être monté sous la caisse d’un véhicule (24),
le premier bord d’ailette de la plaque-�ailette se trou-
vant à un bord supérieur de celle- �ci.

4. Echangeur de chaleur selon l’une des revendica-
tions 1 à 3, caractérisé en ce que  des passages
externes (74, 108) sont définis entre des portions
centrales dos à dos (102) des plaques de paires de
plaques adjacentes (94), et les plaques-�ailettes dé-
finissent des passages externes entre elles qui com-
muniquent avec des passages externes respectifs
entre les portions centrales.

17 18 



EP 1 520 144 B1

11

5

10

15

20

25

30

35

40

45

50

55

5. Echangeur de chaleur selon la revendication 4, ca-
ractérisé en ce qu’ une structure pour conférer une
turbulence au fluide est située dans les passages
externes entre les portions centrales.

6. Echangeur de chaleur selon l’une des revendica-
tions 1 à 3, caractérisé en ce que  pour au moins
certaines paires de plaques ayant des plaques-�ailet-
tes (38), la plaque- �ailette de chaque paire de plaques
est réalisée intégralement avec seulement une des
première (30) et seconde (32) plaques de celles-�ci.

7. Echangeur de chaleur selon l’une des revendica-
tions 1 à 3, caractérisé en ce que  pour chacune
d’au moins quelques- �unes de paires de plaques (94)
ayant des plaques-�ailettes, la plaque-�ailette est for-
mée par une première portion de plaque- �ailette (100)
réalisée intégralement avec la première plaque
(96A) et une seconde portion de plaque-�ailette (100)
formée intégralement avec la seconde plaque (96B),
les première et seconde plaques-�ailettes étant lami-
nées ensemble.

8. Echangeur de chaleur selon la revendication 7, ca-
ractérisé en ce que  des saillies de localisation coo-
pérantes (110, 112) sont réalisées sur les première
et seconde plaques (96A, 96B) pour aligner les pla-
ques pendant l’assemblage.

9. Echangeur de chaleur selon l’une des revendica-
tions 1 à 3, caractérisé en ce que  pour au moins
quelques- �unes des paires de plaques ayant des pla-
ques-�ailettes, la première plaque (30) comprend une
bride s’étendant latéralement (64) autour d’un bord
extérieur de la portion de bord (36) de celle-�ci, la
portion de bord (46) de la seconde plaque (32) étant
emboîtée dans la bride s’étendant latéralement, la
plaque-�ailette (38) s’étendant vers l’extérieur depuis
un bord de la bride s’étendant latéralement.

10. Echangeur de chaleur selon l’une des revendica-
tions 1 à 3, caractérisé en ce que  des saillies ex-
ternes espacées (84, 86) sont formées sur les pla-
ques-�ailettes pour augmenter l’écoulement d’un flui-
de externe sur celles-�ci.

11. Echangeur de chaleur selon la revendication 10, ca-
ractérisé en ce que  les saillies (84, 86) sont situées
seulement sur une moitié aval des plaques-�ailettes
ou seulement sur une moitié amont des plaques-
ailettes.

12. Echangeur de chaleur selon la revendication 10 ou
11, caractérisé en ce que  les saillies sont des ailet-
tes (152) formées sur une longueur des plaques-
ailettes pour induire un écoulement d’air de lavage
sur les plaques-�ailettes.

13. Echangeur de chaleur selon la revendication 12, ca-
ractérisé en ce que  les ailettes (152) ont une forme
saillante essentiellement triangulaire.

14. Echangeur de chaleur selon la revendication 13, ca-
ractérisé en ce qu’ au moins quelques-�unes des
ailettes (152) sont agencées selon des paires com-
plémentaires.

15. Echangeur de chaleur selon l’une des revendica-
tions 1 à 3, caractérisé en ce que  les portions cen-
trales (34, 44) sont sensiblement planes et compor-
tent une première pluralité de nervures parallèles,
orientées en biais (40, 48) formées sur celles- �ci, les
nervures des première et seconde plaques dans
chaque paires de plaques coopérant pour former au
moins une portion du passage de fluide (62).

16. Echangeur de chaleur selon la revendication 15, ca-
ractérisé en ce que  pour chaque paire de plaques
(92) ayant une plaque-�ailette, la paire de plaques
présente des premier et second bords oblongs pa-
rallèles espacés (134, 136), le passage de fluide (62)
se situant entre les premier et second bords espacés
et s’étendant selon un angle relativement aux pre-
mier et second bords (134, 136), et les nervures
(140) sur au moins une des première et seconde
plaques sont orientées pour être sensiblement pa-
rallèles à une direction d’écoulement d’air (79) à tra-
vers l’échangeur de chaleur (10).

17. Echangeur de chaleur selon la revendication 1, ca-
ractérisé en ce que  chacune des paires de plaques
présente une plaque-�ailette s’étendant périphéri-
quement du passage de fluide (62), chaque plaque-
ailette ayant des premier et second bords oblongs,
parallèles espacés (134, 136), le passage de fluide
(62) de la paire de plaques étant situé longitudina-
lement entre les premier et second bords espacés
(134, 136) et s’étendant selon un angle relativement
aux premier et second bords.

18. Echangeur de chaleur selon la revendication 17, ca-
ractérisé en ce que  pour chaque paire de plaques,
la portion de bord de la première plaque (30) com-
prend une paroi de localisation périphérique s’éten-
dant latéralement (64) entourant une circonférence
extérieure de la portion de bord (46) de la seconde
plaque.

19 20 



EP 1 520 144 B1

12



EP 1 520 144 B1

13



EP 1 520 144 B1

14



EP 1 520 144 B1

15



EP 1 520 144 B1

16



EP 1 520 144 B1

17



EP 1 520 144 B1

18



EP 1 520 144 B1

19



EP 1 520 144 B1

20



EP 1 520 144 B1

21

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 5692559 A [0005] [0019] • EP 0384316 A [0005]


	bibliography
	description
	claims
	drawings

